###### Strengths and limitations of this study

-   An important strength of our study is that we thoroughly checked for the completeness of our aggregated data with additional sources of the medical records.

-   We created comparable groups through propensity score matching, thereby attempting to reduce bias due to confounding variables such as age, parity, socioeconomic status and ethnicity.

-   Although our denominators were substantial, the large CIs in our primary mortality analyses overlapping 1 indicate limited power.

-   Women were considered low risk if they had none of the predefined major risk factors, and because this was not always reliably registered in our national database we included a sensitivity analysis and further aimed to reduce imbalance in baseline characteristics between the groups with propensity score matched analysis (PSA).

-   Our data refer to the period 1 January 2005 up to 31 December 2007, and although we know mortality rates have decreased since then, the 2010 ranking relative to other European countries showed only modest progression and need for further for improvement.

Introduction {#s1}
============

The Dutch obstetric system is characterised by a formal distinction between primary care (led by midwives or general practitioners) and secondary care (led by obstetricians). This distinction is based on an 'Indication' list in which conditions are defined for which women should be referred to different levels of care.[@R1] Pregnant women without risk factors usually deliver in midwife-led care, although they can opt for obstetrician-led care. Women are referred when complications or risk factors occur either during pregnancy or labour. Women who start labour in midwife-led care can opt for home birth or hospital birth. Approximately half of all term women start labour in midwife-led care.[@R2]

Previous nationwide studies in the Netherlands indicated no differences in perinatal mortality among women who started labour in midwife-led care at home versus midwife-led care in hospital.[@R3] Similar results were found in a Canadian study by Janssen *et al* (0.4‰ vs 0.6‰; relative risk (RR) 0.61, 95% CI 0.06 to 5.9),[@R5] with concomitant lower intervention rates (eg, Caesarean section (CS) rates in the intended home birth group of 7% vs 11%; RR 0.76, 95% CI 0.64 to 0.91), consistent with other studies.[@R5]

To our knowledge, the comparison of perinatal mortality in midwife-led (primary) versus obstetrician-led (secondary) care (with a clear description of both groups) was addressed in two Dutch studies. Evers *et al*[@R8] reported an increased intrapartum and early neonatal mortality risk in the midwife-led group (1.39‰ vs 0.60‰; unadjusted RR 2.3; 95% CI 1.1 to 4.8). This difference could not be confirmed in a similar study done by our group in the Amsterdam region (0.70‰ vs 0.80‰; unadjusted RR 0.88; 95% CI 0.52 to 1.46). However, both studies compared 'low-risk' women in midwife-led care to a combined population of 'low-risk' and 'high-risk' women in obstetrician-led care.

We therefore compared midwife-led care and obstetrician-led care in 'low-risk' women in the Amsterdam region, 'North-West Netherlands', where 19% of all births in the Netherlands take place.

Materials and methods {#s2}
=====================

Methods used to assemble our cohort have been described previously.[@R9] In short, we performed a retrospective cohort study with use of linked data from the national perinatal register (PRN), together with additionally retrieved medical data from hospitals and midwifery practices. The PRN database is a national linked database in which 96% of the births in the Netherlands are registered.[@R10] Data from the pregnancies with a general practitioner as the primary maternity caregiver (without referral to specialist care) were not registered in the database and therefore not included.[@R11]

We studied women with singleton pregnancies who gave birth beyond 37^+0^ weeks gestation. We excluded women with a preplanned CS, with fetal congenital anomalies or antepartum fetal death. We studied only women without any of the following predefined risk factors: non-vertex position of the fetus, previous Caesarean birth, hypertension, (gestational) diabetes mellitus, post-term pregnancy (≥42 weeks), prolonged rupture of membranes (\>24 hours), vaginal bleeding in the second half of pregnancy or induced labour.

We selected women from the PRN database who gave birth at term between 1 January 2005 and 31 December 2007 in 'the perinatal region of Amsterdam'. This region contains 18 hospitals with obstetric/paediatric care facilities, which form Perinatal Cooperation Groups with their surrounding community practices of independent midwives and general practitioners.[@R11] Level of care comprised primary care (led by midwives or general practitioners, further referred to as *midwife-led care*) and secondary care (led by obstetricians; *obstetrician-led care*). Women can be referred to obstetrician-led care at any moment during pregnancy, birth or postpartum. In obstetrician-led care, deliveries can be done by obstetricians, but also by residents or so-called clinical midwives (always under responsibility of an obstetrician), usually with continuous cardiotocography (CTG) monitoring and immediate access to other medical facilities if needed. In this study, groups were formed by level of care at the onset of labour. In order to mimic an intention-to-treat approach, women who were transferred to obstetrician-led care during labour were analysed in the midwife-led care group.

Identification of perinatal deaths {#s2a}
----------------------------------

First, we selected all women from the above-defined cohort whose babies suffered a perinatal death that was registered in the PRN. Subsequently, all 18 hospitals (obstetric and neonatal departments) in the region were requested to supply data regarding their perinatal deaths at term in the study period, which usually had been collected in their annual reports. We hand-searched all the annual reports to reduce the missing data. The retrieved supplementary data were added to the deaths that were identified from the PRN. In addition, cases classified in the PRN as antenatal stillbirth, congenital anomalies or multiple pregnancy, although not subject of this study, were verified for eligibility to double-check the classification from the PRN and the annual reports. Patient medical files were retrieved from the hospitals and midwifery practices, and were examined by an expert panel (midwife in primary care, midwife in secondary care, obstetrician and medical researcher) for detailed classification.

They were unaware of the classification in the PRN. Only cases of intrapartum or neonatal (\<28 days) death, without congenital anomalies, were considered for further selection, and cases with any of the previously mentioned predefined risk factors were then excluded. We anticipated that in some cases it would be impossible to distinguish antepartum and intrapartum death and defined an extra group of 'unable to classify' cases, to be addressed in a sensitivity analysis.

For our secondary outcomes, we collected PRN data regarding neonatal morbidity (5 min Apgar scores below 7; admission to the neonatal intensive care (NICU) ≥24 hours) and obstetrical interventions (mode of birth, use of epidural, perineal trauma, postpartum haemorrhage defined as reported blood loss ≥1000 mL and manual placental removal).

Data analysis {#s2b}
-------------

We used propensity score matched (PSM) pairs analysis to optimise the balance of baseline covariates between groups.[@R13] Analyses were conducted separately for the unmatched (before PSM) and matched (after PSM) cohorts.

We generated the propensity scores of the probability of the smallest group (the obstetrician-led care group) at the onset of labour by logistic regression based on all available and relevant baseline covariates that were known from this pregnancy (listed in [table 1](#T1){ref-type="table"}). We used a one-to-one nearest neighbour matching without replacement. Propensity score distribution was plotted to check the overlap and region of common support between the two groups. We used significance testing (P value) to assess the balance of the covariates after matching.

###### 

Patient characteristics by line of care at onset for the unmatched (A) and for the matched (B) cohort

                                     \(A\) Unmatched cohort   \(B\) Matched cohort                                            
  ---------------------------------- ------------------------ ---------------------- ---------- -------------- -------------- -------
  Maternal age (mean±SD)               30.4±5.0                 31.4±5.5             \<0.0001     31.3±5.3       31.4±5.5     0.476
  Maternal age (years)                                                                                                        
   \<25                              6060 (13.0%)             1305 (12.3%)           \<0.0001   1308 (12.3%)   1305 (12.3%)   0.332
   25--29                            12 995 (27.8%)           2361 (22.2%)                      2454 (23.1%)   2361 (22.2%)   
   30--34                            17 562 (37.5%)           3719 (35.0%)                      3611 (34.0%)   3719 (35.0%)   
   ≥35                               10 147 (21.7%)           3247 (30.5%)                      3259 (30.7%)   3247 (30.5%)   
   Birth weight (mean±SD)              3552±458                 3474±500             \<0.0001     3483±463       3474±500     0.142
  Parity                                                                                                                      
   Nulliparous                       21 074 (45.1%)           4376 (41.2%)           \<0.0001   4344 (40.9%)   4376 (41.2%)   0.655
   Multiparous                       25 690 (54.9%)           6256 (58.8%)                      6288 (59.1%)   6256 (58.8%)   
  Ethnicity                                                                                                                   
   Non-Western                       11 406 (24.4%)           3226 (30.3%)           \<0.0001   3253 (30.6%)   3226 (30.3%)   0.688
   Western                           35 358 (75.6%)           7406 (69.7%)                      7379 (69.4%)   7406 (69.7%)   
   Gestational age, median (range)   40 (37--41)              40 (37--41)                       40 (37--41)    40 (3--41)     0.97
  Mean gestational age                                                                                                        
   37                                1759 (3.8%)              688 (6.5%)             \<0.0001   741 (7.0%)     688 (6.5%)     0.513
   38                                5079 (10.9%)             1459 (13.7%)                      1450 (13.6%)   1459 (13.7%)   
   39                                12 345 (26.4%)           2744 (25.8%)                      2665 (25.1%)   2744 (25.8%)   
   40                                16 771 (35.9%)           3499 (32.9%)                      3513 (33.0%)   3499 (32.9%)   
   41                                10 810 (23.1%)           2242 (21.1%)                      2263 (21.3%)   2242 (21.1%)   
  SES                                                                                                                         
   Low                               11 752 (25.1%)           3079 (29.0%)           \<0.0001   3023 (28.4%)   3079 (29.0%)   0.641
   Mid                               22 973 (49.1%)           4785 (45.0%)                      4796 (45.1%)   4785 (45.0%)   
   High                              12 039 (25.8%)           2768 (26.0%)                      2813 (26.5%)   2768 (26.0%)   
  Gender                                                                                                                      
   Boy                               23 668 (50.6%)           5453 (51.3%)           0.208      5425 (51.0%)   5453 (51.3%)   0.701
   Girl                              23 096 (49.4%)           5179 (48.7%)                      5207 (49.0%)   5179 (48.7%)   
  Intended place of birth                                                                                                     
   Home                              23 329 (49.9%)           NA                                5160 (48.5%)   NA             
   Hospital                          18 680 (39.9%)                                             4401 (41.4%)                  
   Unknown                           4755 (10.2%)                                               1071 (10.1%)                  

NA, not applicable; SES, socioeconomic status.

### Baseline and outcome analyses {#s2b1}

Patient characteristics were compared between the groups. Discrete and continuous variables were compared with χ^2^ tests and Student's t-tests, respectively. For our primary outcome, we calculated the incidence of intrapartum and neonatal mortality up to 28 days of birth, by level of care at onset of labour (midwife led vs obstetrician led). Numerator and denominator were the number of perinatal deaths and the total number of women in each category, respectively. Primary and secondary outcomes for the matched and unmatched cohort were compared. ORs with 95% (CIs) were generated with the use of logistic regression. When one of the numerators was 0, that is, when no perinatal death occurred, we added 0.5 to each of the parts of the two by two table.

For the mortality outcome, we performed subgroup analyses by parity (nulliparous vs multiparous) and by intended place of birth (using hospital birth in secondary care as reference). This intended place does not inform us about the actual place of birth.

### Clinical overview of perinatal deaths {#s2b2}

We extracted all relevant clinical conditions from each delivery resulting in perinatal death (such as infection and uterine rupture) and described the actual place of death and in case of referral the suspected fetal or neonatal condition on referral, and presented them in an overview table.

### Additional analyses {#s2b3}

Information regarding our additional analyses can be found in online [supplementary appendix A1](#SP1){ref-type="supplementary-material"}. These were analyses based on a random sample to validate our denominator.
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All data were analysed using the R statistical software V.3.2.0 with the Match library for matched analysis and statistical package SAS V.9.3. Two-sided P values \<0.05 were considered to indicate statistical significance. In the Dutch system, no ethical approval was needed for this retrospective study. Permission to access the data was granted by the Dutch Perined registry (PRN nr 11_03) and by the involved obstetric and paediatric wards, as well as midwife practices. Data were handled anonymously.

Results {#s3}
=======

Within our 3-year time period, a total of 57 396 women living in the Amsterdam perinatal healthcare region gave birth at term of a singleton child without congenital anomalies, antepartum fetal death or any of our eight predefined risk factors. Labour started in midwife-led care for 46 764 (81%) low-risk women and in obstetrician-led care for 10 632 (19%) low-risk women. Thirty-three per cent (15 603/46 764) of women who started labour in midwife-led care were transferred to obstetrician-led care during labour. For women with an intended home birth, the intrapartum referral rate was 24% compared with 37% for women with an intended hospital birth (data not shown).

Unmatched group {#s3a}
---------------

Baseline characteristics of the unmatched study population are shown in [table 1A](#T1){ref-type="table"}. Before PSM, the two groups were statistically significantly different for all included variables except for gender of the child. Women in the midwife-led care group at start of labour tended to be younger, more often nulliparous, more often of Western ethnicity, less frequently of low socioeconomic status and were more likely to give birth between 41 and 42 weeks (although median gestational age at birth was comparable), with also higher mean birth weight. Half of all women (50%) in the midwife-led care group intended a home birth and 40% intended midwife-led hospital birth (10% unknown intended place of delivery). Before matching, the mean (SD) propensity score was 0.18 (0.05) in the midwife group and 0.20 (0.07) in the obstetrician group (P\<0.0001).

Case selection {#s3b}
--------------

A total of 41 women suffering perinatal death were identified within the cohort of pregnancies without major risk factors in the PRN database ([figure 1](#F1){ref-type="fig"}). After classification of their records, 14 women were excluded because of one or more exclusion criteria (n=13) or double registration (n=1) in the PRN. From two women, we were unable to retrieve the medical records. In five women, we were unable to distinguish antepartum from intrapartum death, and these women were labelled 'unable to classify'.

![Flow chart selection of perinatal deaths. PRN, perinatal register.](bmjopen-2017-018845f01){#F1}

With our broader PRN database search to account for possible classification problems and definition differences (Materials and methods section; n=233), we found eight additional eligible patients for inclusion, and another nine patients were added to the 'unable to classify' group. Data we received from the 18 hospitals in our region led to inclusion of four additional women suffering perinatal death that were not registered in the PRN.

A total of 32 intrapartum and neonatal deaths remained for analysis. The 14 deaths in the 'unable to classify' group were later included in a sensitivity analysis.

Outcomes for the unmatched group {#s3c}
--------------------------------

Of the 32 women who suffered intrapartum and neonatal death (0.56 ‰), 30 had started labour in midwife-led care versus 2 in obstetrician-led care (midwife-led care 0.64‰ (30/46 764), obstetrician-led care 0.19‰ (2/10 632) OR 3.4 (95% CI 0.82 to 14) ([table 2A](#T2){ref-type="table"}). Subgroup analyses and secondary outcomes are reported in [tables 2A](#T2){ref-type="table"} and [3A](#T3){ref-type="table"}, respectively.

###### 

Primary analysis: relative risk of intrapartum and neonatal (\<28 days) mortality for the onset of labour in midwife-led versus obstetrician-led care subgroup analyses; mortality by parity and by intended place of birth.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Outcome                               \(A\) Unmatched cohort   \(B\) Matched cohort                                                                     
  ------------------------------------- ------------------------ ---------------------- ---------------------- ---------------------- ------------------- ----------------------
  Primary analysis                                                                                                                                        

   Intrapartum and neonatal mortality   30 (0.64‰)               2 (0.19‰)              3.41 (0.82 to 14.28)   8/10 632 (0.75‰)       2/10 632 (0.19‰)    4.00 (0.85 to 18.85)

  Subgroup analyses                                                                                                                                       

  Parity                                                                                                                                                  

   Nulliparous                          22/21 074 (1.04‰)        2/4376 (0.46‰)         2.29 (0.54 to 9.72)    6/4344 (1.38‰)         2/4376 (0.46‰)      3.02 (0.61 to 14.99)

   Multiparous                          8/25 690 (0.31‰)         0\*/6256 (0.00‰)       4.14 (0.24 to 71.8)    2/6288 (0.16‰)         0\*/6256 (0.00‰)    4.98 (0.24 to 103.7)

  Intended place of birth†\                                                                                                                               
  In case of midwife-led care:                                                                                                                            

   Home                                 18/23 329 (0.77‰)        2/10 632 (0.19‰)†      4.10 (0.95 to 17.69)   3/5160 (0.58 ‰)        2/10 632 (0.19‰)†   3.09 (0.52 to 18.51)

   Hospital                             10/18 680 (0.54‰)        2.85 (0.62 to 13.00)   4/4401 (0.91‰)         4.84 (0.89 to 26.41)                       

   Unknown                              2/4755 (0.42‰)                                                         1/1071 (0.93‰)                             
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*For all comparisons, the obstetrician-led care hospital group was the reference because an intended home birth in the obstetrician-led care group is not possible.

†Unable to calculate, no deaths in obstetrician-led care group; therefore, 0.5 was added to each cell in order to be able to calculate the OR.

Results presented for the unmatched and matched cohort.

###### 

Birth and neonatal outcomes (by line of care at onset of labour) of the unmatched (A) and the matched (B) cohort

  Birth characteristics            \(A\) Unmatched cohort   \(B\) Matched cohort                                                         
  -------------------------------- ------------------------ ---------------------- --------------------- -------------- ---------------- ---------------------
  All births                       n=46 764                 n=10 632                                     n=10 632       n=10 632         
  Mode of birth                                                                                                                          
  Spontaneous                      41.469 (89%)             8.295 (78%)            2.21 (2.09 to 2.33)   9520 (89%)     8.295 (78%)      2.41 (2.23 to 2.61)
  Caesarean section\*              1.125 (2.4%)             948 (8.9%)             0.25 (0.23 to 0.28)   260 (2.5%)     948 (8.9%)       0.26 (0.22 to 0.29)
   Suspected fetal distress        221 (0.5%)               234 (2.2%)                                   54 (0.5%)      233 (2.2%)       
   Non-progressive labour          716 (1.5%)               483 (4.5%)                                   145 (1.4%)     483 (4.5%)       
   Combined                        150 (0.3%)               103 (1.0%)                                   36 (0.3%)      103 (1.0%)       
   Other reason                    37 (0.1%)                127 (1.2%)                                   9 (0.1%)       127 (1.2%)       
   Missing                         1 (0.002%)               1 (0.01%)                                    0 (0%)         1 (0.01%)        
  Instrumental vaginal birth       4.170 (8.9%)             1.389 (13.1%)          0.65 (0.61 to 0.70)   852 (8.0%)     1.389 (13.1%)    0.58 (0.53 to 0.63)
   Suspected fetal distress        1.096 (2.3%)             500 (4.7%)                                   261 (2.5%)     500 (4.7%)       
   Non-progressive labour          2.492 (5.3%)             731 (6.9%)                                   508 (4.8%)     731 (6.9%)       
   Combined                        554 (1.2%)               140 (1.3%)                                   108 (1.0%)     140 (1.3%)       
   Other reason                    18 (0.04%)               16 (0.2%)                                    7 (0.07%)      16 (0.2%)        
   Missing                         10 (0.02%)               2 (0.02%)                                    4 (0.04%)      2 (0.02%)        
  Postpartum haemorrhage           2.001 (4.3%)             662 (6.2%)             0.67 (0.61 to 0.74)   460 (4.3%)     662 (6.2%)       0.68 (0.60 to 0.77)
  Pain medication                                                                                                                        
   Epidural                        1396 (3.0%)              851 (8.0%)             0.35 (0.32 to 0.39)   294 (2.8%)     851 (8.0%)       0.33 (0.29 to 0.37)
   Other                           3521 (7.5%)              1.842 (17%)            0.39 (0.37 to 0.41)   763 (7.2%)     1.842 (17.3%)    0.37 (0.34 to 0.40)
  Line of care at birth                                                                                                                  
   Midwife led                     31.161 (67%)             6 (0.1%)               Not applicable        7230 (68%)     6 (0.1%)         Not applicable
   Obstetrician led                15.603 (33%)             10.626 (99.9%)                               3402 (32%)     10.626 (99.9%)   
  Vaginal births only              n=45 639                 n=9684                                       n=10 372       n=9684           
  Manual placenta removal          630 (1.4%)               323 (3.3%)             0.41 (0.35 to 0.46)   151 (1.5%)     323 (3.3%)       0.43 (0.35 to 0.52)
  Perineal lacerations                                                                                                                   
   Third or fourth degree tear     1272 (2.8%)              248 (2.6%)             1.09 (0.95 to 1.25)   275 (2.4%)     248 (2.6%)       0.96 (0.80 to 1.14)
  Episiotomy                                                                                                                             
   Without instrumental birth†     5333 (12.9%)             1550 (18.7%)           0.64 (0.60 to 0.68)   1103 (11.6%)   1550 (18.7%)     0.57 (0.52 to 0.62)
   With instrumental birth‡        3206 (76.9%)             1030 (74.2%)           1.16 (1.01 to 1.33)   643 (75.5%)    1030 (74.2%)     1.07 (0.88 to 1.31)
  Other neonatal outcomes          n=46 764                 n=10 632                                     n=10 632       n=10 632         
  Five-minute Apgar score \<7      305 (0.7%)               94 (0.9%)              0.74 (0.58 to 0.93)   74 (0.70%)     94 (0.88%)       0.79 (0.58 to 1.07)
  NICU admittance for \>24 hours   85 (0.2%)                45 (0.4%)              0.43 (0.30 to 0.62)   20 (0.19%)     45 (0.42%)       0.44 (0.26 to 0.75)

\*Only in intrapartum Caesarean section, there were no women with elective Caesarean section in our cohort (excluded).

†For the denominator, we used all spontaneous vaginal births.

‡For the denominator, we used all instrumental vaginal births.

NICU, neonatal intensive care.

Propensity score analysis {#s4}
=========================

For the 10 632 women in obstetrician-led care, a total of 10 632 women in the midwife-led care group were selected as control (1:1 ratio). Propensity scores were generated by using the following patient variables: maternal age, birth weight, parity, ethnicity, gestational age, socioeconomic status and gender of the child. Propensity score distribution was plotted to verify overlap and the region of common support between the two groups (online [supplementary appendix B figure 1](#SP1){ref-type="supplementary-material"}). After matching, the mean propensity score was 0.20 (0.06) in the midwife group and 0.20 (0.06) in the obstetric care group (P=0.37). The baseline maternal characteristics after PSM are shown in [table 1B](#T1){ref-type="table"} and were comparable between the midwife-led and obstetrician-led groups.

A repeat of our perinatal mortality analyses for the PSM cohort did not significantly alter our primary and subgroup-analysis findings (midwife-led care 0.75‰ (8/10 632); obstetrician-led care 0.19‰ (2/10 632), OR 4.0, 95% CI 0.85 to 18.9; [table 2B](#T2){ref-type="table"}).

Subgroup analysis for parity showed an OR of 2.8 (95% CI 0.72 to 16.8) for perinatal mortality in the nulliparous group and an OR of 5.0 (95% CI 0.24 to 104) for the multiparous group.

Subgroup analyses by intended place of birth showed an OR of 3.1 (95% CI 0.52 to 18.5) of perinatal mortality for the subgroup of women with an intended home birth in the midwife-led care group, when compared with the women in the obstetrician-led care group ([table 2B](#T2){ref-type="table"}). For women with an intended hospital birth, the OR was 4.8 (95% CI 0.89 to 26.4). For one women with perinatal death, the intended place of birth was unknown.

[Table 3B](#T3){ref-type="table"} shows the secondary outcomes after propensity score matching. The risk of NICU admittance was reduced in the midwife-led care group (0.2% vs 0.4%; OR 0.44; 95% CI 0.26 to 0.75) with no statistically significant difference in 5 min Apgar scores \<7 (0.70% vs 0.88%; [table 3B](#T3){ref-type="table"}). Intervention rates (including CS, instrumental birth, epidural analgesia, manual placenta removal and episiotomy) were reduced in the midwife-led care group, as was the risk of postpartum haemorrhage.

Clinical overview of perinatal deaths {#s4a}
-------------------------------------

There were nine (28%) intrapartum deaths, while 23 babies (72%) were born alive but died within 7 days (n=20) or between 7 and 27 days (n=3). Seven children (22%) were born after CS, and six (19%) after instrumental delivery. Nine neonates (28%) were admitted to an NICU for at least 24 hours. An overview of the most relevant clinical diagnoses of the included perinatal deaths can be found in online [supplementary appendix C](#SP1){ref-type="supplementary-material"}. Asphyxia without a further known or specified cause was the most commonly reported clinical condition (n=17) followed by infection (n=6). There were two neonatal deaths in the obstetrician-led care group. For both women, the medical indication was a request for sedation for prelabour uterine contractility. One neonate died of asphyxia, and the other of a combination of asphyxia and group B streptococcal (GBS) sepsis.

Additional analyses {#s4b}
-------------------

None of the additional validation or sensitivity analyses significantly altered our results (online [supplementary appendix tables D1--D3)](#SP1){ref-type="supplementary-material"}.

Discussion {#s5}
==========

In this retrospective cohort study among low-risk women, perinatal mortality occurred in 0.64‰ of the women in midwife-led care and 0.19‰ of the women in obstetrician-led care (OR 3.4, 95% CI 0.82 to 14.3). A PSM analysis, as well as subgroup analysis for parity or intended place of birth did not alter this result, with a consistent (but statistically non-significant) higher mortality in the midwife-led group.

Strengths and limitations {#s5a}
-------------------------

An important strength of our study is that we thoroughly checked for the completeness of our data with additional sources of the medical records. We performed extensive validity checks to ensure that our denominators were reliable. Other strengths are the multidisciplinary approach, and the fact that we created comparable groups through propensity score matching, thereby attempting to reduce bias due to confounding variables such as age, parity, socioeconomic status and ethnicity.

Our study relevantly exposed the shortcomings of using aggregated data from our national perinatal database (PRN).[@R16] It is unclear whether the seriousness of an adverse outcome influences the reliability of the registration. Furthermore, certain important risk factors for perinatal mortality, such as level of education, smoking during pregnancy and maternal body mass index, were not available from the registry and therefore not included in this study.

Defining the 'low-risk' population in our obstetrician-led care group was challenging. Women were considered low risk if they had no major risk factors, but this was not always reliably registered in our national database. With PSA, we further aimed to reduce imbalance in baseline characteristics between the groups. Results of the PSA were similar to the unadjusted analysis, to a conventional multivariate logistic regression analysis and to conditional regression analysis (data not shown).

Although our denominators were substantial, the large CIs in our primary mortality analyses overlapping 1 indicate limited power. A post hoc analysis showed that our study had the power to exclude a difference in mortality of 0.8 per 1000 between groups, based on a non-inferiority design with an alpha of 0.025, beta of 0.2 and a mortality incidence of 0.6 per 1000. As a consequence, the mortality difference of 0.45 per 1000 that we observed was not statistically significant. It is important to stress that Dutch women can make a choice between midwife-led care and obstetrician-led care, with midwifery-led care as the default for low-risk women. As such, the level of care has a safety dimension, and a significance level of 0.05 is not a prerequisite for safety.[@R17] For this study, we focused on mortality after the onset of labour, meaning that we are unable to draw any conclusions regarding antepartum fetal death and total perinatal mortality. It would be very interesting to review this in a separate study, as antepartum death is the largest group. Our data referred to the period 1 January 2005 up to 31 December 2007. Data from 2008 onwards were not yet available in the national database when we started the project. Perinatal mortality rates in the Netherlands, both preterm and at term, have decreased over time. This was observed for fetal death and for neonatal death, with a steady decline of the term perinatal mortality risk (including prepartum) of 3.8‰ in 2001 to 1.9‰ in 2014.[@R19] Relevant changes within the Dutch obstetric system during and after our study period include the introduction of routine structural 20 weeks anomaly scan (January 2007), therapeutic neonatal hypothermia for perinatal asphyxia (2009), the installation of the Foundation Perinatal Audit in the Netherlands with a multidisciplinary approach to critically and systematically audit term perinatal deaths (2010) and the installation of the College Perinatal Care to implement the recommendations of the steering group 'A good start' with the aim to reduce maternal and perinatal mortality (2011). Although the decline in perinatal mortality is a substantial improvement, the 2010 ranking relative to other European countries showed only modest progression and need for further for improvement.[@R20] Since we studied a specific (matched) population of low-risk women in a region of the Netherlands, generalisability of our findings to a broader population needs further investigation.

### Interpretation {#s5a1}

Our findings are partially in line with other studies in this field, although study designs differ. The Dutch study of Evers *et al* performed in a similar setting reported an increased intrapartum and early neonatal mortality risk in the midwife-led low-risk group of (26/18 686) 1.4‰, as compared with (10/16 739) 0.60‰ in obstetrician-led care, while the latter group contained a mixed low-risk and high-risk group. A limitation of that study was that the numerator and the denominator were not taken from exactly the same geographical region.[@R22] Also, Evers *et al* did not perform an analysis in which the obstetrician-led population was limited to low-risk women. However, the 10 women in their study that suffered an intrapartum or early neonatal death after start of labour in obstetrician-led care all had risk factors, implicating that the low-risk women in obstetrician-led care did not suffer perinatal mortality (A Kwee, personal communication, 2017).[@R8] As the women in midwife-led care in Evers' study obviously were low risk, the difference in perinatal mortality risk between midwife-led and obstetrician-led care was 1.4‰, which is twice as high as our study.

*The* prospective *Birthplace in England study group* analysed a composite poor neonatal outcome (including perinatal mortality) among low-risk women and found no difference in incidence between obstetric units (81/19 551, 4.4‰) and other birthplaces, including homebirth (70/16 553, 4.2‰; adjusted OR 1.16, 95% CI 0.76 to 1.77).[@R6] The composite outcome however did occur more in nulliparous women having homebirths. A population-based retrospective cohort study in the USA by Snowden *et al* found that planned out-of-hospital birth was associated with a higher rate of perinatal death than planned inhospital birth (3.9‰ vs 1.8‰, adjusted OR 2.43; 95% CI 1.37 to 4.30).[@R23]

Based on the direction of the OR towards increased perinatal mortality in the midwife-led care group in our study, it would be expected that morbidity outcomes would point in the same direction. Instead, we found fewer NICU admissions and less babies with low Apgar scores in midwife-led care. Both are surrogate outcomes for neonatal morbidity with a subjective component that might specifically play a role when comparing different levels of care.[@R24] In the absence of specific objective morbidity outcomes, we are unable to draw any conclusions regarding neonatal morbidity among midwife-led deliveries. Our study found instrumental delivery rates to be significantly higher in the obstetrician-led care group, which is in line with other reports.[@R6] Previous studies show that intervention rates within midwife-led care also differ based on intended place of birth, with less interventions in the intended homebirth group.[@R5] A next step should be an analysis of the reasons for the difference. We hypothesise that continuous presence of an obstetric care provider from the onset of labour and continuous CTG monitoring are important determinants of the differences, both with respect to perinatal mortality as well as with the number of instrumental deliveries. It is plausible that the increase in interventions in the obstetrician-led care are directly related to the (not statistically significant) decreased mortality rates.

Perinatal asphyxia and infection were the two most common relevant conditions of all of the included perinatal deaths, consistent with existing literature.[@R26] Prevention, early detection and early intervention in situations leading to asphyxia and infection during labour have the potential of further reducing perinatal mortality at term.

While our findings were not statistically significant and do not allow for conclusions regarding causality, the results are concerning and warrant further evaluation of the underlying causes and replication.
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